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INTRODUCTION 


THIS paper presents the preliminary section of a study which 
attempts to determine whether types and degrees of correla- 
tion and variation in meristie characters of fishes are phylo- 
genetic. A single population of Iowa darters (Poecilichthys 
exilis) taken at one place and at one time is dealt with here. 
In addition to providing a basis for future work, such a popu- 
lation serves advantageously as a source of information on the 
basic nature of variation. Inasmuch as this paper is devoted 
primarily to this little-known subject, it stands as something 
of an entity in itself. 

The perch family, to which the Iowa darter (Pl. I), Poeci- 
lichthys exilis (Girard), belongs, lends itself well to varia- 
tional work in its possession of a relatively large number of 
variable meristic characters and in the availability of its mem- 
bers. The occurrence of numerous fairly small species and 
the existence of at least 3 previous, rather comprehensive 
papers on variation in the group (Moenkhaus, 1896 and 1898; 
Duneker, 1897) are further advantages. 
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The sample of Poecilichthys exilis on which the present study 
is based consists of more than 3000 specimens, 37 to 57 mm. 
in standard length, taken from rearing pond No. 4 of the Wolf 
Lake Hatchery, Van Buren County, Michigan, on October 28 
and 29, 1941, by L. A. Krumholz. This pond had been drained 
during the winter of 1940-41 and was refilled in April, 1941. 
In May it was stocked with bluegill fry. During the summer 
the pond was fed from a spring by means of a bubbler and 
perhaps by water pumped in from Wolf Lake. The overflow 
from pond No. 4 passed by means of a bubbler system into 
lower ponds. On October 28-29, 1941, the pond was drained, 
and all the fish in it were collected. These included the present 
sample of darters, with a smaller number of muddlers (Cottus 
b. bairdii) and bluegills (Lepomis m. macrochirus). 

How the darters (and muddlers) got into the pond is some- 
thing of amystery. Under any explanation, however, it seems 
logical to assume that only a few of them managed to do so, 
and that the 3000 darters taken in October were the result 
of the spawning of these few. This assumption is greatly 
strengthened by the fact that various people who have looked 
at the scales of even the larger of these specimens have been 
unable to find an annulus. Presumably then, the fishes were 
all, or nearly all, about 6 months old. No immature specimen 
was found in the lot, even among abnormal specimens. 

Inasmuch as all the fishes were collected, it may be well to 
point out that there was no chance of segregation of the popu- 
lation into parts, one or more of which may have been in- 
adequately sampled. Since these darters were taken from a 
hatchery pond in which there were no fish predators (only blue- 
gill fry and muddlers were present), it is probable that the 
specimens were living under unusually favorable conditions. 
This is also suggested by the large sizes and by the abundance 
of specimens. Thus it is probable that these individuals grew 
and attained maturity more rapidly than do normal popula- 
tions and that more abnormal specimens survived than would 
ordinarily do so. 
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METHODS 


Of the more than 8000 darters in the sample, roentgeno- 
grams were taken of about 1200 specimens. The X-rayed 
specimens were selected in no way except for straightness. In 
1058 of the 1200 specimens, the sex was determined, the stand- 
ard length measured, and the abdominal vertebrae, caudal 
vertebrae, dorsal spines, dorsal soft rays, anal soft rays, and 
the number of transverse scale rows counted. 

The vertebral counts used in this paper do not include the 
urostyle. The total number of vertebrae was counted twice. 
As usual, difficulty was occasionally encountered in determin- 
ing whether abnormal vertebrae should be counted as one or 
as two. When such difficulty arose, enumerating centra gen- 
erally resulted in an unusually low figure, whereas counting 
processes usually gave an unusually high one. The present 
counts were decided upon by taking both centra and processes 
into consideration. This method makes the counting of verte- 
brae a somewhat subjective process, but no better method pre- 
sents itself. In certain specimens some or many of the verte- 


1 Without the aid of these roentgenograms this paper would never have 
been written. Moreover, it seems to me that roentgen rays have wide 
possibilities in various aspects of ichthyology and fishery research. I hope 
‘to deal with some of these later. 








4 | William A. Goslme Oce. Papers 


brae were so hopelessly aberrant as to defy enumeration. In 
other specimens, because of peculiarities in one or more verte- 
brae, the same eount was not reached both times. These 2 
categories, including 58 fish (called "abnormal" in tables), 
were put aside. Thus, an even 1000 specimens were used in 
the body of this work. . : | 

In Poecilichthys exilis there is no very marked dividing line 
between the abdominal and the caudal vertebrae. The haemal 
arch closes over gradually, and there is no great development 
of the first haemal spine. Since in available skeletons the tip 
of the first interhaemal precedes the first closed haemal. arch, 
it was decided somewhat arbitrarily to call those vertebrae 
above and before the tip of the first interhaemal spine abdomi- 
nal and those behind it caudal (Pl. IT, Fig. 1). 


, SEX 


Of the 1000 ‘‘normal’’ specimens, 495 were males and 505 
were females. Sex determination in this partieular sample 
was easily made, for the males (Pl. I, Fig. 1) had a much 
broader, blacker dark area on the basal half of the spinous 
dorsal than did the females (Pl. I, Fig. 2). Doubtful cases 
were checked by incision of the abdominal cavity. 


VARIATION 


In Table I a summary is given of the averages and standard 
deviations for the characters studied in the 1058 specimens. 
Of these characters, only the standard length differs signifi- 
eantly with sex : females are definitely larger. The males seem 
to have slightly more dorsal spines, but the ome ence is prob- 
ably of no significance. 

In the lower sections of Table I are placed the 58 specimens 
in which. vertebral counts could not. be satisfactorily made. 
In these specimens the standard length and all meristie char- 
acters counted average lower than do those in normal indi- 
. viduals; the standard deviations are almost always higher. A 
partial explanation of this may be that some of these abnormal 
specimens are so warped and bent that there is not enough | 


TABLE I 


AVERAGES AND SAMPLE STANDARD DEVIATIONS OF STANDARD LENGTH AND VARIOUS MERISTIC 
CHARACTERS IN 1058 SPECIMENS oF Poecilichthys exilis 








Standard Vertebrae 
Length 


(mm. ) 









Specimens 








‘¢Normal’’ specimens 







Both sexes αμ ο 00... To aese 
DV FO EP 49.14 + 2.47 
Females ....................................... 51.12 + 2.64 





‘¢Abnormal’’ specimens 
Both SORES ossseesmewe] «ΘΒ dq μα ος 





Males canna ο ο. 
Females cueste 
; - ; Dorsal Soft Anal Soft 
Specimens Dorsal Spines Rays Rays Seales 





‘í Normal"? specimens 


Both sexes eee m 9.614 .76 11.17 + .68 7.89 + .68 53.38 + 2.72 
Males ........................ 495* 9.654 .79 11.16 + .67 7.87 + .65 53.34 + 2.72 
Females ............................ 505* © 956: .76 11.17 + .68 7.90 + .60 53.43 + 2.73 

‘í Abnormal’? specimens | : 
Both sexés ....................... 58 9.29 + .87 10.97 + .84 7.59 + .87 51.09 + 3.31 
Males ..... 81 9.42 + 1.00 10.97 + .96 7.59 4.81 51.00 + 3.19 
Females .......................... 27 9.15+ .75 10.96 + .75 7.67 +.85 51.18 + 3.29 








* Under dorsal spines there are only 504 normal female specimens; under anal soft rays there are only 494 normal 
male specimens, 
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space for the full complement of scales, spines, and rays to 
develop (for example, see the specimen illustrated in Pl. IT, 
Fig. 2). 

To determine whether any change in method of counting 
took place during the work, the averages for the individual 
hundreds were calculated ;? these are given in Table II. The 
averages for the standard length and the abdominal vertebrae 
gave the only values which show any possible change in method 
of counting. It seems probable that the average for the first 
100 abdominal vertebrae is slightly too low. However, the dif- 
ference between this hundred and the hundred with the high- 
est average is hardly significant, and the difference between the 
averages for the first 100 and for the 1000 is not significant. 
For the standard length, there seems to have been a tendency 
to pick out the larger specimens earlier. 


CORRELATIONS 


All correlations between characters that might be expected 
to yield significant results were calculated. The results are 
summarized in Table III. 

The correlation between standard length and total vertebrae 
for normal specimens is + 0.165 for the 495 males and + 0.145 
for the 505 females; the probability that no correlation exists 
between these 2 characters is 0.0002 for males and 0.0011 for 
females. Thus, a true correlation between increasing size of 
specimen and increasing number of vertebrae is strongly indi- 
cated. For the larger fish within a year class to have more 
vertebrae than the smaller ones, as in this instance, seems to 
be common in fishes. At least, a casual perusal of the literature 
shows that this phenomenon has been noticed in such varied 
fishes as the herring (various workers; for references see 

2 Moenkhaus (1896) gave the average number of dorsal rays of 300 
specimens of Percina caprodes, from Tippecanoe Lake, Indiana, as 16.4. 
In 1898 he gave the average number of rays for 1475 specimens (appar- 
ently from the same sample) as 15.66. Thus, a difference of 0.7 rays 
occurred between the time the first 300 were counted and the time the 


1475 were reported on. Is this a typographical error, a change in method 
of counting, or a change due to segregation of specimens in the sample? 
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TABLE III 


SOME CORRELATIONS IN Poecilichthys exilis 


r= the coefficient of correlation; P =the probability that no correlation 
is actually represented. 


€ Abnormal?’ 








‘¢Normal’’ Specimens 




















Specimens 
Characters Correlated pies 
Speci- " P Speei- 1 
mens mens 
Standard length x total | 
vertebrae 
MATOS eis conet tu TEORIA 495 | +0.165 0000021 noxae ώρα 
Foma leS Se esses anes sauna 505 | + 0.145 VOCEL μα Tie 
Standard length x dorsal | 
spines | 
MAES nonu ο E 495 | +0.061 0.17 əl , +0.21 
OI AOS uya cs a ana SS 504 | + 0.047 0.29 27 | +0.22 
Standard length x dorsal rays 
NEA TOS s oe ae omui m 495 | +0.046 0.31 31 +0.12 
Females sessenta 505 | + 0.085 0.06 27 + 0.26 
Standard length x anal rays | 
Malos oec ο. 494 | 0.008 0.96 ol | +0.27 
OMG OS: ananas antennas 505 | —0.018 0.69 27 | +0.18 
Standard length x scales | 
MATOS ο ete dide 495 | {0.268 | < 0.0001 9l : 0.59 
Females edocet UR 505 | 40:205 | < 0.0001 27 + 0.62 
Total vertebrae x dorsal spines 999 | {0.174 | < 0.0001 | .... | .............. 
Totalvertebraexseales ............... 1000 | +0.256 | «0.0001 | .. 1... 
Abdominal vertebrae x caudal 
vertebrae ιο 1000 | — 0.258 | < 0.0001 | . [| zem 
Caudal vertebrae x dorsal rays | 1000 | + 0.071 009 he SU asas 
Caudal vertebrae x anal rays ... 999 | +0.120 0.0000. τος. JP gauss 
Dorsal spines x dorsal rays ...... 999 | —0.014 0.66 98 | +0.12 
Dorsal rays x anal rays .............. 999 | 40.318 | < 0.0001 58 | +0.58 
Total vertebrae x scales with 
the effect of standard 
length removed 
ο ο ο... 495 | 40.224 | «0.0001 | .. | aaa. 
Females s 505 | 0.288 | < 0.0001 asi. Modeste 


Tester, 1937: 123), Gadus virens (Dannevig, 1933: 356), and 
Gobius flavescens (Johnsen, 1981: 4—6). 

If there is a correlation between larger size and more numer- 
ous vertebrae, and if the females of Poectlichthys exilis are 
larger than the males, the question arises as to why the females 
do not have more vertebrae than do the males. A possible 
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answer may be that at the time the vertebrae are differentiated 
males and females are of equal size. 

Since larger specimens have more vertebrae, it may be asked 
whether or not they also and for the same reason have more 
scales, fin spines, and soft fin rays. Though the correlations 
between standard length and the 3 fin counts are mostly posi- 
tive, individually none is significant, and little more can be 
said. The correlation between standard length and number 
of scales is, however, both significant and relatively high. 

It seems peculiar that the vertebral-scale correlation should 
be about as high as that between standard length and vertebrae 
or standard length and scales, inasmuch as it seems logical to 
think of the vertebral-scale correlation as secondarily resulting 
from the effect of the standard length on both characters. Yet, 
if the effect of standard length on these 2 characters is removed 
(by computation of the partial coefficient), the correlation be- 
tween vertebrae and scales remains highly significant (Table 
III). 

The only high negative correlation is that between the ab- 
dominal and caudal vertebrae. Unfortunately, this correla- 
tion has little significance, for it is made up of 2 opposing fac- 
tors, 1 of which causes an obligatory, perfect, negative correla- 
tion. For example, of 2 specimens, each with a total of 37 
vertebrae, the first interhaemal spine of one ends below the six- 
. teenth vertebra, and the fish is considered to have 16 abdominal 
and 21 caudal vertebrae. In the other, the first interhaemal 
ends below the seventeenth vertebra, and the fish is said to have 
17 abdominal and 20 caudal vertebrae. Thus, in these 2 speci- 
mens the correlation between abdominal and caudal verte- 
brae is negative, perfect, and meaningless, except insofar as 
a change in the position of the first interhaemal is indicated. 

Some method was sought of discounting this type of corre- 
lation. The best that was found was to calculate the average 
number of abdominal and caudal vertebrae in fish with each 
different total vertebral count (Table IV). When this is done 
and if all the vertebrae are considered to have the same length, 
the first interhaemal spine maintains a nearly constant posi- 
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tion 44 per cent of the way along the vertebral column, regard- 
less of the total number of vertebrae. Theoretically, this con- 
stant position might be maintained in 2 ways: (1) when the 
number of vertebrae in the abdominal region increases (or 
decreases), that of the caudal region also increases (or de- 
creases) ; (2) the number of vertebrae in the abdominal (or 
caudal) region alone increases, but at the same time the first 
interhaemal adjusts itself forward (or backward) in relation 
to the vertebral column. If the first hypothesis is accepted, 


TABLE IV 


AVERAGE NUMBER OF ABDOMINAL VERTEBRAE FOR EAcH TOTAL 
VERTEBRAL COUNT 


Total Eur 
Vertebrae pecimens 


Abdominal + Total 
Vertebral Number 






Abdominal 
Vertebrae 











a corollary seems to be that the number of vertebrae always 
increases or decreases in 2 different regions at the same time. 
That this should happen seems rather improbable. If the 
second hypothesis is adopted, it would appear that the first 
interhaemal takes up its position independently of the forma- 
tion of any particular vertebra or vertebrae. 

I have little data that would seem to verify or to contradict 
either or both possibilities. In my specimens of Poectichihys 
the first vertebra is undoubtedly the most variable, both in 
length and in development of the neural arch. This might be 
a location where addition or subtraction of vertebrae takes 
place. 

In an excellent paper on the number of vertebrae in the 
Atlantic herring, Ford (1933) has shown that the compara- 
tively small preurostyle, or ''tail," section of the vertebral 
column has a far more variable number of vertebrae than the 
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(roughly) abdominal and the (roughly) caudal sections of the 
vertebral column. These “abdominal” and ‘‘caudal’’ sections 
do vary, however, and of the total amount of variation in the 
vertebral column, less than half is contributed by the ‘‘tail’’ 
section. Another line of evidence pointing to the variability 
of the preurostyle section of the vertebral column is the com- 
paratively high percentage of abnormal vertebrae present there 
in various fishes. 

For reasons to be discussed below, it may well be suspected 
that the variability takes place where the vertebrae are differ- 
entiated last. But experimental work on various fishes, for 
example, the Pacific herring (Gwyn, 1940: 21), has shown that 
the sequential development of the vertebral column is a com- 
plex subject. For one thing, the sequential formation of the 
centra follows one pattern, whereas that of the neural and 
haemal arches follows a wholly different one (Emelianov, 
1939). | 

Between the eaudal vertebrae and the number of anal rays 
there is a low positive correlation. It is surprising to me that 
this correlation is not higher, since the first caudal vertebra is 
defined by the position of the first interhaemal spine of the 
anal fin. For this reason the meaning of the anal ray and 
caudal vertebrae correlation is badly obscured. Another cor- 
relation which is of no significance is that between the caudal 
vertebrae and the soft dorsal rays. 

The highest correlation (a positive one) is between the dorsal 
rays and the anal rays. That this relationship is real is be- 
yond doubt. Incidentally, the specimen with the highest 
dorsal ray count (15) also has the highest anal ray count (14). 

To summarize, the positive correlations between the stand- 
ard length, scales, vertebrae, dorsal spines, soft dorsal rays, 
and soft anal rays in the normal specimens of the sample ap- 
pear to indieate 2 separate systems. One system of correla- 
tions involves the standard length, seales, vertebrae, and, 
through vertebrae, the dorsal spines. The other, which seems 
to be independent of the first, involves the soft dorsal and soft 
anal rays. 
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In the 58 specimens in which the vertebrae could not be 
satisfactorily counted, the correlations between characters are 
always positive and higher than they are for the normal speci- 
mens. As mentioned earlier, some of these ‘‘abnormal”’ speci- 
mens are probably too twisted to afford adequate space for the 
full complements of the various meristie characters (Pl. II, 
Fig.2). The more distorted a specimen is, the less its stand- 
ard length is, and the smaller will be the space for the scales. 
Such warping obviously results in positive correlations. 1 
have the uneasy feeling, however, that the above explanation 
is Incomplete. 


LENGTH OF DORSAL SPINES 


Some study was devoted to the length of the spines of the 
spinous dorsal. This fin was chosen rather than one of the 
others, because the spines are readily measurable on roentgeno- 
erams (at least in those specimens in which the spines do not 
overlap). The first, last, and longest spines of 214 specimens 
(selected insofar as possible to give adequate representation to 
each of the various fin counts) were measured. The lengths 
of the second and tenth spines in the 31 11-spined specimens 
were taken. The length of the base of the spinous dorsal in 
all 214 specimens was also obtained. All measurements were 
made on the roentgenograms to the nearest 0.1 mm. with dial 
calipers and were then transferred to thousandths of the stand- 
ard length by slide rule. The longest spine was counted with 
reference to the number of spines preceding it in the fin. 

It may be well to state here some generalizations derived 
from a study of the data which follow. Males have definitely 
longer spines than females in proportion to standard length, 
but the length of the base of the fin 1s approximately the same 
in both sexes. The increase or decrease in the number of 


Fra. 1, Relationship of dorsal spine length to number of spines in 
the fin. | 


Solid lines represent males; broken lines, females. In descending order 
are: longest dorsal spine, first spine, and last spine. Data for this figure 
are derived from Table V. The 2 7-spined and the 2 12-spined specimens 
have not been graphed. 
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Dorsal 


Specimens |— 
Spines Wean 
Males 
T 98 
8 94.1 
9 89.6 
10 83.9 
11 75.6 
12 102 
Females 
7 79 
8 83.7 
9 84.8 
10 78.0 
11 72.5 
1° 51 














TABLE V 


AVERAGE LENGTHS OF FIRST, LAST, AND LONGEST SPINES IN SPINOUS DoRSAL FINS 
WITH DIFFERENT SPINE COUNTS 


Mean in thousandths of standard length; S.D. = standard deviation; C.V. = coefficient of variation. 


Mean 


120 
118.5 
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121.2 
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spines in the fin may apparently take place at either or both 
ends of the fin. The first and last spines in the fin are con- 
siderably more variable in length than is the longest spine. 
The greater variability of the outermost spines may be ex- 
plained by the finding that one of the factors determining spine 
length is the spine position along the antero-posterior axis of 
the body, and that, whereas the longest spine maintains a 
rather constant position along this axis, the outermost spines 
are variable in position. 

As a start in unraveling the threads of the data, it may be 
seen from Table V and Figure 1 that as the number of fin 
spines increases the lengths of the outermost spines decrease. 
This is essentially the phenomenon that was demonstrated 
for the lowermost pectoral ray in Leptocottus by Hubbs and 
Hubbs (1945: 267, Table 9). The length of the longest dorsal 
spine in Poecilichthys remains about the same regardless of 
the number of spines in the fin. I see no other interpretation 
for these facts than that, as the fin base increases in length 
along the dorsal surface of the body, more and smaller fin 
spines are added at either or both ends. 

According to the standard deviations and coefficients of 
variation in Table V the variation in size of the first and last 
spines, even within each fin count group, is large, whereas 
that of the longest spine is smaller. In the search for a clue to 
the explanation for this difference in variability, the size of the 
first spine was plotted against the size of the longest and of the 
last, but correlation is almost completely lacking in both cases. 
An attempt was made to relate the size of the first spine to its 
position along the antero-posterior axis of the fish. On as 
many of the 214 specimens as possible it was determined which 
neural spine the first interneural followed (Table VI). There 
is almost always 1 interneural descending into the interspace 
between each successive pair of neural spines (PI. II, Fig 1). 
In certain instances, however, the first 2 interneurals both come 
between the fourth and fifth neural spines; a special column 
has been made for these cases. It may be seen from Table VI 
that in those fish which have the first interneural placed after 





TABLE VI 
AVERAGE LENGTHS OF FIRST SPINE IN SPINOUS DORSAL GROUPED BY SEX, FIN COUNT, AND POSITION OF 
FIRST SPINE IN RELATION TO VERTEBRAL COLUMN 
Mean in thousandths of standard length; S.D. - standard deviation. 
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the third neural, the length of the first dorsal spine is less than 
in those specimens in which the first interneural stands alone 
between the fourth and fifth neurals. Furthermore, the length 
of the first spine occurring after any given neural is approxi- 
mately the same, regardless of the number of spines in the fin. 

An approximate estimate of the position of the last dorsal 
spines in relation to the antero-posterior axis of the body was 
obtained by adding the number of spines in the fin to the num- 
ber of neural arches preceding the fin. The result is more or 
less the mirror image of the picture derived from the first 
spine; namely, that the more posterior the position of the last 
spine, the smaller it is (Table VII). 


TABLE VII 


AVERAGE LENGTHS or LAST SPINE IN SPINOUS DORSAL GROUPED BY 
SEX, FIN COUNT, AND POSITION or LAST SPINE IN 
RELATION TO VERTEBRAL COLUMN 
Mean in thousandths of standard length; position of last spine deter- 
mined by adding number of spines in fin to number of vertebrae preceding 
first spine. 


Last Spine | Last Spine | Last Spine | Last Spine | Last Spine 
after 12th | after 13th | after 14th | after L5th | after 16th 
Inter- Inter- Inter- Inter- Inter- 
neural neural neural neural neural 


10 
11 
12 


Average 


Females 
8 
9 
10 
11 


Average 
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The longest spine in each of the 214 specimens was measured, 
and numbered with reference to the spines preceding it. These 
numbers were converted into length-units measured from the 
first spine, and the average for each fin count was calculated. 
For example, if in 2 fish with 9 spines the fourth spine is long- 
est in one and the fifth in the other, the longest spine for the 
2 specimens is said to occur at an average of 4.5 units from the 
front of the fin. And since the length-units used are almost 
always equivalent to the number of vertebrae, the longest spine 
occurs in the above example 4.5 vertebrae from the front of 
the fin. Likewise, I calculated the average distance from the 
skull, expressed in number of vertebrae, at which the first spine 
in the fin occurs (see above). Table VIII lists the averages 


TABLE VIII 


POSITION OF LONGEST DORSAL SPINE IN RELATION TO 
VERTEBRAL COLUMN 


For derivation of method of ealeulation see text. 











Average Number 


νων ee. [Πίνω 
| QU AT between First and ος, 
Dorsal Preceding First Vertebrae 
Sj i ie Longest Dorsal : 
pines Dorsal Spine Sines Preceding 
p Longest 


Vertebrae | Specimens | Vertebrae Spale 
7 5.0 3.5 8.5 
8 4.0 4.3 8.3 
9 4.0 4.4 8.4 
10 3.7 4.7 8.4 
11 9.9 9.1 8.4 
2 4.0 5.9 9.9 





x 





for both of these ealeulations for the various fin count groups. 
When the 2 averages are added for each fin count group, the 
longest spine is found at a point about 8.5 vertebrae from the 
skull, regardless of the number of spines in the fin. 

When the position of the first spine along the longitudinal 
axis is taken into account, its variability still remains greater 
than that of the longest spine, as may be seen by referring to 
the standard deviations in Tables V and VI. Furthermore, 
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after the position effect had been allowed for, there is still little 
correlation between the lengths of the first, last, and middle 
spines. Apparently, some special factors which increase the 
variability of the outermost spines remain to be taken into 
account. One of these factors seems to be the failure at times 
of the first 2 interneurals to descend into separate neural 
spine interspaces, which results in an unusually short first 
dorsal spine (Table VI). Moreover, preceding the first spine 
in some specimens with 9 or 10 spines, there is an interneural 


TABLE IX 
COMPARISON or LENGTHS op First DORSAL SPINE ABOVE THE FIRST 
INTERNEURAL WITH LENGTHS ABOVE THE SECOND 
Averages are in thousandths of the standard length. 


Specimens with First 


Specimens with a Spine Spine over Second 


over First Interneural 





Dorsal Spines Interneural 
Specimens Average Specimens Average 
Males 
9 33 88 10 95 
10 32 81 ἤ 91 
Females 
9 in 83 13 89 





with no spine above it; in these fish the first spine is placed 
above the second interneural. This phenomenon is interpreted 
as the beginning of another dorsal spine in front of the first 
actual spine. These specimens with an interneural preceding 
the first spine had a longer first spine than did those without 
one (Table IX). It would seem from the above considerations 
that the variability of the outermost spines in the spinous 
dorsal follows certain processes that have little or no effect on 
the rest of the fin. 


DISCUSSION 
It has long been known that the cold water members of fish 


species usually have more vertebrae than do the warm water 
representatives. As far as I know, the first explanation of this 
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was proposed by Hubbs (1926). He suggested that in the 
erowth of a fish there are 2 processes—increase in size, and 
differentiation—and that the number of vertebrae will depend. 
upon how great an inerease in size takes place before differen- 
tiation sets in. Thus, the number of vertebrae depends upon 
the space available at the time vertebral organization takes 
place. In cold water, differentiation is retarded, and the fish 
reaches a relatively large size before the process of differen- 
tiation commences. In warm water, somatic organization is 
relatively precocious. 

Cold water forms also are usually larger than warm water 
forms and have more scales. The above growth processes are 
thought to cause the increase in these characters. 

The situation 1n regard to the fin rays is more complicated. 
In some fishes little consistent correlation is present between 
fin counts and water temperature; others have a positive cor- 
relation; and still others, a negative one. Again, changes of 
water temperature during the development of embryo sea trout 
present a rather complex ease (Taning, 1944: 28-31). Fi- 
nally, there is little correlation between the number of fin rays 
and size in normal specimens of Poecilichthys exilis. 

All this does not mean that there is no relationship between 
the number of fin rays and the size of the allotted fin space at 
the time the rays differentiate. It probably means merely 
that the growth of the allotted fin space and the process of fin 
differentiation take place more or less independently of body 
erowth and of vertebral differentiation. As mentioned, there 
seem to be 2 separate systems of positive correlations among 
the characters studied in Poecilichthys. One includes the soft 
fin rays; the other, the rest of the characters. A possible ex- 
planation of this division may be that the number and differ- 
entiation of vertebrae, seales, and dorsal spines involve the 
differentiation of somites, whereas the soft fin ray numbers 
do not. 

Another aspect of variation in meristie characters concerns 
the question of the position at which variation takes place. If, 
for example, the normal vertebral count in Poecichthys exilis 
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is 36, but some specimens have 37 vertebrae, exactly where 
along the vertebral column is the thirty-seventh vertebra 
added? Is it inserted between the fourth and fifth vertebrae 
in one fish and between the eleventh and twelfth in the next? 
Is the thirty-seventh vertebra added along the vertebral column 
by pure chance, or is it, when it is present, usually at a more or 
less constant position? I think its position is more or less 
constant, and the best evidence supporting this conclusion is 
given by Ford (1933). Variation in a meristie character prob- 
ably does not always take place in only one area or in the same 
area in all fishes, but does tend to concentrate in one or a few 
areas along the fin base, vertebral column, lateral line, or what- 
ever the character may be. For example, it seems that the 
data presented above definitely support the conclusion that the 
ereatest variability in fin spine length occurs at the ends of 
the fin. | 

Carrying this theory of localization one step further, Hubbs 
and Hubbs (1945: 268) suggested that variation takes place 
in that area of a meristie character which is at the border of 
the space allotted to that character at the time differentiation 
occurs. The data given on the first interhaemal position indi- 
eate that the point of origin of a meristie character may be fixed 
independently of other characters, while the data on the length 
of the dorsal spine suggest that the area which the character 
eventually fills has spread from a central point. If the hy- 
potheses are accepted that the mechanism which determines the 
area to be filled by a character spreads from a point and that 
the variability for the character is greatest at the borders of 
the space allotted, it follows that the greatest variability occurs 
at that point which the spreading area last reaches before dif- 
ferentiation sets in.  Evidenee supporting this is given by 
Roth (1920), who reported that in the fully plated form of 
Gasterosteus aculeatus those plates whieh develop last are in 
the area where plates are lacking in the semi-plated form. 


Almost all of the theories dealt with in the preceding dis- 
eussion are more or less tenuous and remain to be proved 
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directly. It would almost seem, however, that, as in the pres- 
ent paper, the only way to get at the basic nature of variation 
is by indirection. Perhaps this is the reason why so little is 
known about the subject. The views here advanced must thus 
be considered only as working hypotheses, to be developed or 
discarded as further evidence indicates. 
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PLATE I 
Poecilichthys exilis from Wolf Lake Hatchery Pond No. 4, 
Van Buren County, Michigan 


Fig. 1.—Male, 50 mm. in standard length. The dark base of the 
spinous dorsal is characteristic in males. 


Fig. 2.—Female, 55 mm. in standard length. Base of spinous dorsal 
is light, as is usual in females. 


Photographs by F. W. Ouradnik 
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PLATE II 
Poecilachthys exilis from Wolf Lake Hatchery Pond 


FIG. l.—Positive print taken from roentgenogram of a male, 47 mm. 
in standard length. This specimen has 16 abdominal and 20 caudal verte- 
brae. (1) First vertebra. (2) First neural spine. (3) First interneural 
(extending between tips of fourth and fifth neural spines). (4) Last ab- 
dominal vertebra (followed by first caudal vertebra). (5) First inter- 
haemal spine. (6) First anal spine. (7) Haemal spine. (8) Last 
vertebra. (9) Urostyle. 


ΤΊα. 2.—Positive print taken from roentgenogram of an abnormal male 
37 mm. in standard length. This specimen has significantly fewer dorsal 
spines (7) and seales (45) than have normal specimens. The figure sug- 
gests that more dorsal spines would have developed at the rear of the 
existing fin if the back had not been telescoped together in this particular 
area. The same proeess has probably resulted in the reduced number of 
seales. 


Photographs by F. W. Ouradnik 
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